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(57) ABSTRACT 
Force-dampening arrangement (100) for dampening forces 
between two interconnectable parts in a tube string, of which 
interconnectable parts a lower part (101) is connected to the 
upper end of a string element (105, 3a) extending into a 
subsea well (5) and an upper part (103) is suspended from a 
floating Surface installation (1) through at least one Suspen 
sion element (3.b) extending up to said Surface installation. 
The force-dampening arrangement (100) is connected to the 
tube string above a string-portion (3.a) extending into said 
Subsea well, and below at least a portion of said Suspension 
element (3b). The force dampening arrangement (100) exhib 
its an upper and lower section (109. 111) that are vertically 
movable in relation to each other, thereby yielding for impact 
forces between said interconnectable upper and lower parts 
(103, 101) resulting from vertical heave movement of said 
portion of Suspension elements (3.b) moving vertically in 
respect of the string element (3a). 

19 Claims, 5 Drawing Sheets 
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1. 

AUXILARY SUBSURFACE COMPENSATOR 

The present invention relates to an arrangement for non 
harmful coupling and decoupling to pipe strings in a Subsur 
face position from a surface installation. More particularly, 
the invention relates to an arrangement for preventing harm 
ful impacts due to vertical movements caused by heave move 
ments of the Surface installation during connection or discon 
nection in a subsurface position. 

BACKGROUND 

It is known to provide offshore surface installations, such 
as drilling rigs used in connection with Subsea well opera 
tions, with heave compensators. A heave compensator is 
arranged in the interface between a pipe string extending 
down to the sea floor and the surface installation. When the 
Surface installation is moved vertically due to waves and 
Swells, the heave compensator ensures that the vertical move 
ment of the installation is not transferred to the pipe String, 
keeping the pipe string vertically still with regard to the sea 
floor. However, if the pipe string is disconnected from a sea 
floor facility, Such as a Subsea well installation, the pipe string 
will exhibit some vertical movements despite the heave com 
pensator. For instance, with vertical heave movements of the 
Surface installation in the order of 7 meters, the pipe string 
will perhaps move vertically up and down a distance in the 
order of about 30 cm. 
Due to the heave compensator, the Surface installation can 

keep operating even in quite rough sea with waves being 
several meters high. However, if the conditions become too 
extreme, operation must be halted and the surface installation 
must be disconnected from the pipe string extending into the 
well. 

For instance, when drilling a Subsea well from a floating 
drilling rig, the drill pipe can extend several thousands of 
meters down into the well. In order to disconnect the drill pipe 
from the drilling rig, the drill pipe is hung off at the top of the 
well. To do this, the drill pipe is first pulled up to the drilling 
rig with a distance approximately corresponding to the sea 
depth. Then a hang-off tool is connected to the drill pipe 
below it and lowered downto the top of the well on a drill pipe 
connected to the upper part of the tool. With the hang-off tool, 
the drill pipe is hung off at the top of the well, for instance in 
the well head, the tree, or bore protector, while extending into 
the drilled well. The hang-off tool is then disconnected from 
the drill pipe above it, on which it was lowered, thus becom 
ing disconnected from the drilling rig. 
When Surface conditions have returned to operating con 

ditions, the drilling rig can again be connected to the hang-off 
tool. A suspension element, such as a drill pipe, is lowered 
down from the installation and connects to the hang-off tool. 
The hang-off tool is then pulled up to the rig and removed. 
Then drill pipe is again extended and lowered, and operations 
can be resumed. 
When disconnecting the hang-off tool from the Suspension 

element, such as the pipe string above it, the Suspension 
element will exhibit some vertical movement despite the 
heave compensator at the drilling rig if considerable waves 
affect the rig. Thus, soon after disconnection, the pipe string 
can move down and collide with the part from which it was 
disconnected. Due to the weight of the Suspension elements 
this can cause Substantial damage to both connection inter 
faces. That is, both the lower and upper part of the mating 
connection parts can be damaged. The same problem arises 
when the parts are to be reconnected. As the upper part closes 
in on the lower part when being lowered from the surface, it 
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2 
can in addition to the intentional lowering exhibit reciprocat 
ing vertical movements. Before the upper connection part is 
properly connected to the lower part, the connection interface 
may thus be damaged. 

Conventional means of connection are threads. Thus, when 
connecting or disconnecting, the upper connection part is 
rotated as it is lowered onto or pulled upwardly from the lower 
part. The outermost threads are therefore often damaged. An 
obvious means to overcome this problem would be to use 
larger threads that tolerate larger impacts. Larger threads 
would however imply larger thread pitch, which may increase 
the risk of the connection unscrewing itself. Furthermore, 
even larger threads could be damaged severely enough to 
cause problems when connecting or disconnecting. In any 
case, the vertical heave movements will cause undesirable 
tear and wear. 

Also other means for releasable connection may be used. 
However, regardless of which type of connection being used, 
a downwardly moving Suspension element in the form of a 
string of pipe represents Substantial forces that in any case are 
desirable to reduce. 

Thus, the object of the present invention is to provide a 
Solution to the above-mentioned problem of damage to the 
connection interface when disconnecting and reconnecting. 

THE INVENTION 

According to the present invention, there is provided a 
force-dampening arrangement for dampening forces between 
two interconnectable parts in a tube string, of which a lower 
part is connected to the upper end of a string element extend 
ing into a subsea well and an upper part is suspended from a 
floating Surface installation through at least one Suspension 
element extending up to said surface installation. The string 
element can by any kind of String element extending into a 
Subsea well. Such as a string of wire, drill pipe, or coiled 
tubing. According to the invention, the force-dampening 
arrangement is connected to the tube String above a string 
portion extending into said Subsea well, and below at least a 
portion of said suspension element. Moreover, the force 
dampening arrangement exhibits an upper and lower section 
that are vertically movable in relation to each other, thereby 
yielding for impact forces between said interconnectable 
upper and lower parts resulting from Vertical heave move 
ment of said portion of Suspension elements moving verti 
cally in respect of the String element. 
The term vertically shall not be interpreted as a direction 

strictly normal to the horizontal. Instead, it shall be construed 
as the general direction of the String element or Suspension 
element at the place of the force-dampening arrangement. 
This direction will in general be substantially vertical. How 
ever, one can also imagine an inclination for this direction, 
with respect to the strict vertical direction. 

In an embodiment of the invention, the upper and lower 
section are rotationally interconnected in Such manner that 
rotation of one section will instantly or eventually result in 
rotation of or rotational forces exerted onto the other section. 
Thus, a rotational force applied to a string of drill pipe, for 
instance, from the floating Surface installation, will be trans 
mitted through the force-dampening arrangement down to 
lower sections of the drill pipe, arranged below the force 
dampening arrangement. 

Inafurther embodiment, the said Suspension element com 
prises a drill string. Thus, in a practical use of the force 
dampening arrangement, it is used when a drill string is to be 
hung of in a Subsea well. In Such a case, the drill String is 
raised a distance approximately corresponding to the sea 
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depth, then a hang-off tool is arranged to the remaining drill 
string. To the hang-off tool, or preferably at least close to it, 
the force-dampening arrangement is then connected. There 
after, the assembly is lowered on the said drill sting, the drill 
string then being the Suspension element. 
When in a disconnected mode of said interconnectable 

parts, the String element is preferably Suspended with a hang 
off tool. 

In one embodiment, the two interconnectable parts exhibit 
a threaded connection. Thus, when connecting or disconnect 
ing said interconnectable parts at a distance below the floating 
Surface installation, such as at the Subsea well, the force 
dampening arrangement will protect the outermost threads 
from damaging heave movements. 

Preferably, one of said sections exhibits a compartment 
within which a portion of the other section can reciprocate in 
a vertical direction. This feature makes it possible to provide 
a dampening function. In one embodiment, the other section 
extends into said compartment with a non-concentric through 
part running through a non-concentric opening in the com 
partment-exhibiting section, whereby a rotational movement 
of a first section will result in rotational forces onto the second 
section. This is one way of providing transmission of rota 
tional forces. 

Furthermore, the that said other section can exhibit a piston 
component arranged in said compartment, which compart 
ment is shaped as a piston cylinder, and a seal can be arranged 
to seal between said piston cylinder and the piston compo 
nent. 

In a particularly preferred embodiment, the force-dampen 
ing arrangement comprises one or a plurality of vents for the 
inflow or outflow of surrounding water into or out of respec 
tively, said compartment, said vent(s) functioning as damper 
for the relative movements between said two sections. 
One of said interconnectable parts can be integrated with 

one of said sections. In this way the force-dampening func 
tion will be oriented near to the interconnection interface, 
advantageously resulting in a small mass between said inter 
face and the force-dampening arrangement. 

In one embodiment of the present invention, the force 
dampening assembly further comprises a spring that is func 
tionally arranged between said two sections to dampen the 
mutually vertical movement. 

Preferably, for the force-dampening arrangement accord 
ing to the present invention to function well, it should be 
arranged near the two interconnectable parts or their inter 
face. Thus, the force-dampening arrangement should prefer 
ably be arranged closer to the sea floor than to the surface 
when the string element is in a position or situation to be hung 
off in the well. In Such a position or situation, the intercon 
nectable parts are normally near the subsea well head. 

EXAMPLE OF EMBODIMENT 

In the following, a non-limiting detailed example of 
embodiment is presented in order to illuminate and explain 
the features and advantages of the present invention. The 
example is presented with reference to the drawings, in which 

FIG. 1 shows a schematic principle view of a floating 
drilling rig in the process of reconnecting to a hang-off tool, 
the hang-off tool Suspending a drill pipe extending into the 
subsea well; 

FIG. 2 shows a cross section of two releasable intercon 
nectable parts in a connected position, as well as a force 
dampening arrangement according to the invention; 

FIG.3 shows a perspective section view of the connection 
arrangement in FIG. 2; 
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4 
FIG. 4 shows a perspective cross section view of the con 

nection arrangement in FIG. 3; 
FIG. 5 shows a part cross section view seen in the axial 

direction of the connection arrangement; 
FIG. 6 shows an alternative embodiment of a force-damp 

ening arrangement according to the invention; and 
FIG. 7 shows a cross section view of the arrangement in 

FIG. 6. 
FIG. 1 illustrates a drilling rig 1 in the process of recon 

necting to a drill pipe 3a left in the subsea well 5. The drilling 
rig 1 may have been disconnected from the drill pipe 3a due 
to bad weather. The drill pipe 3b extending down from the 
drilling rig 1 is thus disconnected from the drill pipe section 
3a. The drill pipe 3a in the subsea well can extend several 
thousands of meters into the seabed, such as to a reservoir 7. 
When disconnected from the rig1, the drill pipe 3a is hung off 
with a hang-off tool 9 arranged in the wellhead 11 at the sea 
floor 13. It should be underlined that FIG. 1 is only a principle 
sketch in order to picture a likely situation for using the 
force-dampening arrangement according to the present 
invention. 

FIG.2 shows across section of a force-dampening arrange 
ment 100 according to an embodiment of the present inven 
tion. In this embodiment, two releasable interconnectable 
parts 101, 103 are shown in a connected position. The lower 
interconnectable part 101 exhibits inwardly facing threads 
101a, whereas the upper interconnectable part 103 corre 
spondingly has outwardly facing threads 103a. Thus, the 
lower and upper parts 101, 103 can be connected and discon 
nected by mutual rotation between them. The lower part 101 
is adapted to be connected to a string of drill pipe 3a (FIG. 1) 
extending into a subsea well 5, through a pipe section 105. 
Correspondingly, the second part 103 is adapted to be con 
nected to a drill pipe 3b through a pipe section 109e. 
The force-dampening arrangement 100 comprises an 

upper and lower section 109, 111 that are axially movable 
with respect to each other. The lower section 111 exhibits a 
compartment 111a within which a part of the upper section 
109 is arranged. This part is shaped as a piston component 
109a that can reciprocate axially within the compartment 
111a. To the radially outerface of the piston component 109a 
there is attached two seals 109b that seal against the inwardly 
facing Surface of the compartment 111a. The upper section 
109 extends into the compartment 111a with a square-shaped 
through part 109c, through a correspondingly shaped through 
hole 111c in the upper part of the lower section 111. Thus, a 
rotation of the upper section 109 will resultina corresponding 
rotation of the lower section 111. 
The connection and disconnection between the threaded 

parts of the lower and upper interconnecting parts 101, 103 
can be provided by the appropriate rotation of the upper 
section 109 with respect to the lower section 111. 

It should be noticed that in this embodiment, the lower 
section 111 of the force-dampening arrangement 100 is the 
same component as the upper interconnectable part 103 
referred to above. 

In the upperpart of the lower section 111 there arearranged 
a plurality of through channels 111d that provide fluid con 
nection between the compartment 111a, above the piston 
component 109a, and the Surrounding sea water. The primary 
function of the through channels 111d is to vent the compart 
ment above the piston component 109a to avoid hydrostatic 
locking of the piston component 109a. The secondary func 
tion is to dampen the axial movement between the upper and 
lower section 109, 111. The latter function is accomplished 
by appropriately dimensioning of the through channels 111d. 
Small cross sections and few channels will slow down the 
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respective axial movements between the upper and lower 
sections 109, 111. Larger cross sections and many channels 
will on the other hand result in less braking of the movement. 
As already discussed in the general part this description, 

when connecting or disconnecting the two interconnecting 
parts, the upper part may move up and down with respect to 
the lower part due to heave movements of the floating surface 
installation from which it is suspended. Due to the weight of 
suspension elements, such as the drill pipe 3b (FIG. 1), these 
movements may cause significant impact forces between said 
parts. Referring to FIG. 2, one will appreciate that the lower 
section 111 will be axially or vertically movable with respect 
to the upper section 109 before (and after) aligning and con 
necting the interconnectable parts 101, 103 with each other. 
Thus, during the initial phase of screwing the upper intercon 
nectable part 103 to the lower interconnectable part 101, this 
feature will protect the outermost threads and surfaces from 
damage. When disconnecting the interconnectable parts 101, 
103 by unscrewing the threads 101a, 103a, the threads are 
protected from damage in corresponding manner if a down 
ward heave movement of the upper section 109 takes place 
just before or just after unscrewing has finished. 

It is noticed that a throughbore 113 runs axially through the 
entire arrangement shown in FIG. 2, from the pipe section 
109e above to the pipe section 105 below, through the inter 
connectable parts and through the upper and lower sections 
109, 111. Thus, in a connected mode, the fluid connection is 
maintained through the force-dampening arrangement 100. 

FIGS. 3 and 4 show a perspective view and a cross section 
perspective view, respectively, of the force-dampening 
arrangement 100 in FIG. 2. Referring first to FIG.3, four slots 
101c are arranged peripherally about the circumference of the 
lower interconnectable part 101. Correspondingly, the upper 
interconnectable part 103 has slots 103c. The slots 101c, 103c 
provide fluid paths between the interconnectable parts 101, 
103 and the inner surface of a marine riser (not shown). This 
facilitates the vertical movement within the marine riser, as 
fluid in the riser can flow freely past the interconnectable parts 
101, 103. In case the slots 101c in the lower interconnectable 
part 101 are not aligned with the corresponding slots 103c in 
the upper interconnectable part 103, a circumferentially 
arranged slot 101b provides fluid connection between the 
misaligned slots 101c and 103c. 

Referring to FIG. 4, the upper interconnecting part 103 
exhibits two seals 103b that seal against the lower intercon 
necting part 101 in the connected mode. One seal 103b is 
arranged on each side (above and below) of the threads 103a. 
Together with the seals 109b, the seals 103b seal the fluid in 
the bore 113 and chamber 111a (below the piston component 
109a) apart from the surrounding sea water, and vice versa, 
when in the connected mode. 
As can be seen both in FIG.2 and in FIG.4, the pipe section 

105 is attached to the lower interconnectable part 101 by 
means of a plurality of threaded bolts 115. 

FIG. 5 is a cross section view of the upper interconnectable 
part 103, which in this embodiment is the same component as 
the lower section 111. This view illustrates particularly the 
square-shaped form of the through-hole 111C and through 
part 109c, rendering the transmission of rotational forces 
possible. 

According to the invention, the upper and lower intercon 
nectable parts do not have to be part of the arrangement as 
shown in the embodiment described with reference to FIGS. 
1-5. Instead, the interconnectable parts can be either below or 
above the force-dampening arrangement according to the 
invention. However, in order to fulfil the main purpose of the 
invention in a favourable manner, the force-dampening 
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6 
arrangement should preferably be arranged in Such a position 
above the interconnectable parts that little weight is arranged 
between the interconnectable parts and the force-dampening 
arrangement. Such weight can result in the above-described 
unwanted forces between the interconnectable parts just 
before interconnection or just after decoupling of the inter 
connectable parts due to the vertical heave movements of that 
weight. 

If the force-dampening arrangement is arranged below the 
interconnectable parts, on the other hand, it should preferably 
be arranged close to the interconnectable parts. In that way, 
any weight between the force-dampening arrangement and 
the interconnectable parts is minimized, thereby reducing its 
inertia and thus any forces resulting from colliding the two 
interconnectable parts. When the force-dampening arrange 
ment is arranged below the interconnectable parts, the force 
dampening arrangement can be provided with a spring bias 
means in order to bias the upper section in an upper position, 
thereby making the upper section ready to be forced down 
wards in case of a collision between the interconnectable 
parts. 

FIGS. 6 and 7 show avertical view and across section view, 
respectively, of an alternative embodiment of the force-damp 
ening arrangement 100' according to the invention. Here, no 
interconnectable parts are shown. The upper part of the upper 
section 109" and the lower part of the lower section 111 have 
threaded connection interfaces for connection with a drill 
pipe joint. Thus, the force-dampening arrangement 100' is 
arranged to be inserted in a pipe string, between pipe string 
lengths. 

Furthermore, in this embodiment, the means for providing 
transmission of rotational forces between the upper and lower 
section, 109', 111" is a plurality of axially extending sliding 
lists 109f that extend into facing slots 111? in the upper part 
of the lower section 111'. 

Regardless of where the force-dampening arrangement 
100, 100' is arranged with respect to the interconnectable 
parts 101, 103, it can be provided with a spring bias means 
(not shown) in order to bias the upper and lower sections 109, 
109', 111, 111 in the axially extended position. In this way, 
the force-dampening arrangement 100, 100' will at any time, 
provided it is not axially compressed, be in a mode where it is 
ready to yield for vertical collision forces. 

Preferably, the force-dampening arrangement is arranged 
within 30 meters of interface between the interconnectable 
parts. Even more preferable, it is arranged within 10 or even 
5 meters of the interface between the interconnectable parts. 
However, in the most preferred embodiment, one of the inter 
connectable parts is the same component as one of the sec 
tions of the force-dampening arrangement. 

The invention claimed is: 
1. A tube string assembly extending into a Subsea well 

through a wellhead at a sea floor, said tube string assembly 
comprising: 

a lower interconnectable part connected to an upper end of 
a string element extending into the Subsea well through 
the wellhead at the sea floor; 

an upper interconnectable part Suspended from a floating 
Surface installation from a suspension pipe, the String 
element and the Suspension pipe being components of 
the tube string assembly, in a connected mode the lower 
interconnectable part is connected to the upper intercon 
nectable part at a Subsurface position and in a discon 
nected mode the upper and lower interconnectable parts 
are disconnected at the Subsurface position; 
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a hang-off tool connected to the String element, when in the 
disconnected mode the string element is suspended in 
the subsea well by the hang-off tool arranged in the 
wellhead; 

a force-dampening arrangement connected to the tube 
string assembly above the string element and below the 
floating Surface installation in a position closer to the sea 
floor than to the floating surface installation when the 
string element is in a position or situation to be hung off 
in the subsea well from the hang-off tool; 

the force dampening arrangement exhibits a first section 
and a second section that are vertically movable in rela 
tion to each other both in the connected mode and in the 
disconnected mode, thereby yielding for impact forces 
between the upper and lower interconnectable parts dur 
ing connection or disconnection of the string element 
and the Suspension pipe at a Subsea position resulting 
from vertical heave movement of the Suspension pipe 
moving vertically with respect to the string element; and 

wherein when in the connected mode, the tube String 
assembly is adapted to be lifted upwards towards the 
floating Surface installation. 

2. The tube string assembly according to claim 1, wherein 
the first and second sections of the force dampening arrange 
ment are rotationally interconnected in Such a manner that 
rotation of one of the first and the second section will instantly 
or eventually result in rotation of or rotational forces exerted 
onto the other of the first and the second sections. 

3. The tube string assembly according to claim 1, wherein 
the Suspension pipe comprises a drill String. 

4. The tube string assembly according to claim 1, wherein 
said upper and lowerinterconnectable parts exhibit a threaded 
connection. 

5. The tube string assembly according to claim 1, wherein 
the first section exhibits a compartment within which a por 
tion of the second section can reciprocate in a vertical direc 
tion. 

6. The tube string assembly according to claim 5, wherein 
the second section extends into the compartment with a non 
concentric through part running through a non-concentric 
opening in the first section, wherein engagement of the non 
concentric through part with the non-concentric opening is a 
rotational coupling that results in rotational forces onto the 
other of the first and the second section. 

7. The tube string assembly according to claim 5, wherein 
the second section exhibits a piston component arranged in 
the compartment, wherein the compartment is shaped as a 
piston cylinder, and a seal is arranged to seal between said 
piston cylinder and the piston component. 

8. The tube string assembly according claim 7, wherein the 
force-dampening arrangement comprises at least one vent for 
inflow or outflow of surrounding water into or out of the 
compartment, the at least one vent functions as a damper for 
the relative movements between the first and second sections. 
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9. The tube string assembly according to claim 1, wherein 

one of the upper and the lower interconnectable parts is inte 
grated with one of the first and the second sections. 

10. The tube string assembly according to claim 1, wherein 
the force-dampening arrangement is arranged below an inter 
face of said interconnectable parts. 

11. The tube string assembly according to claim 1, wherein 
the force-dampening arrangement is arranged above an inter 
face of said interconnectable parts. 

12. The tube string assembly according to claim 1, wherein 
the force-dampening arrangement is arranged within 30 
meters from an interface of said interconnectable parts. 

13. The tube string assembly according to claim 1, wherein 
the force-dampening arrangement further comprises a spring 
functionally arranged between the first and second sections to 
dampen a mutual vertical movement. 

14. The tube string assembly according to claim 1, 
wherein: 

the force-dampening arrangement exhibits a fluid connec 
tion which provides fluid connection between two pipes 
arranged at each end of the force-dampening arrange 
ment; and 

a pipe of the two pipes is the Suspension pipe Suspended 
from the floating Surface installation. 

15. A method for connecting a suspension element extend 
ing from a floating Surface installation at a Subsea location to 
a string element extending into a Subsea well, the method 
comprising: 

lowering the Suspension element from the floating Surface 
installation to the String element, wherein the string 
element is Suspended in a Subsea well from a hang-off 
tool arranged in a wellhead at a seafloor, 

connecting at the subsea location a lower interconnectable 
part of the Suspension element to an upper interconnect 
able part of the string element to form a connected junc 
tion; 

raising the connected junction towards the floating Surface 
installation to facilitate removal of the hang-off tool; and 

dampening impact forces, via a force-dampening arrange 
ment, between the lower interconnectable part and the 
upper interconnectable part during the connecting and 
the removal of the hang-off tool. 

16. The method of claim 15, wherein the dampening com 
prises utilizing the force-dampening arrangement comprising 
a first section vertically moveable relative to a second section. 

17. The method of claim 15, wherein the dampening com 
prises utilizing the force-dampening arrangement comprising 
a first section vertically moveable relative to a second section, 
wherein the first section comprises a piston component ver 
tically moveable within a compartment of the second section. 

18. The method of claim 17, wherein the dampening com 
prises venting a chamber to Surrounding seawater. 

19. The method of claim 16, wherein the force dampening 
arrangement is positioned within 30 meters of an interface of 
between the lower and the upper interconnectable parts. 

k k k k k 
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